IS 11239 ( Part 14)

: 1992

(According to Amendment No. 1, it is "IS 11239 : Part 13")

( Reaffirmed 2001 )

Indian Standard
METHODS -OF TEST FOR RIGID CELLULAR THERMAL INSULATION MATERIALS
PART 14 DETERMINATION OF FLAMMABILITY BY OXYGEN INDEX

UDC 662'998 -

405'8 : 536'468

0

BIS 1992

BUREAU
MANAK

OF
BHAVAN,

1NDIAN
9 BAHADUR

STANDARDS
SHAH ZAFAR 110002 Price Group 6 MARG

NEW DELHI February 1992

Thermal

Insulation

Materials

Sectional

Committee,

CHD 027

FOREWORD This Indian the Thermal Council. after the draft finalized by Standard was adopted by the Bureau of Indian Standards, had been approved by the Chemical Division Insulation Materials Sectional Committee

This test method is used for testing materials that are self-supporting in the form of vertical bars or sheet up to 10'5 mm thick. This method is suitable for solid, laminated or cellular materials characterized by an apparent density greater than 100 kg/m3. This method may also be applicable to some cellular materials having an apparent density of less than 100 kg/m'. A method has also been provided for testing flexible sheet or film materials while being supported vertically. Oxygen index results obtained using the methods described in this standard can provide a sensitive measure of the burning characteristics of materials under certain controlled laboratory conditions and hence may be useful for quality control purposes. The results obtained are dependent upon the shape, orientation and isolation of the test specimen and the conditions of ignition. For particular materials or applications, it may be necessary or appropriate to specify different ignition procedures which may not be comparable and no correlation with flammability behaviour under other fire conditions is implied. Results obtained in accordance with this standard must not be used to describe or appraise the fire hazard presented by a particular material or shape under actual fire conditions, unless used as one element of a fire risk assessment that takes into account all of the factors pertinent to the assessment of the fire haz.ard of a particular application for the material. For the-purpose of deciding whether a particular requirement of this standard is complied with, the final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with IS 2 : 1960 `Rules for rounding off numerical values (revised)`. The number of significant places retained in the rounded off value should be the same as that of the specified value in this standard.
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Indian Standard

METHODSOFTESTFORRIGIDCELLULAR THERMALINSULATIONMATERIALS
PART 14 DETERMINATION OF FLAMMABILITY BY OXYGEN INDEX 1 SCOPE This standard specifies methods for determining the minimum concentration of-oxygen, in admixture with nitrogen, that will supportcombustionofsmall vertical test specimens under specified test conditions. The results are defined as oxygen Index values.
to apply these methods satisfactorily to materials that exhibit high levels ofshrinkage when heated, for example, highly oriented thin film. 2 For assessing the flame propagation properties of cellular materials of density less than 100 kg/m', attention is drawn to IS 11239 (Part 12) : 1989.
NOTES 1 It maynot be possible

at which the burning behaviour of 50 percent of specimens representing the material under test would exceed at least one of the specified limits for burning. 5 APPARATUS The following apparatus shall be arranged as indicated by the diagrams in Fig. 1 and 2. 5.1 Test Chimney A heat-resistant glass tube supported base through which oxygen-containing can be introduced. vertically on a gas mixtures

2 REFERENCES The Indian Standards juncts to this standard listed below are necessary : ad-

IS No.
3069: 1991

Title

Glossary of terms, symbols and units relatingto thermal insulation materials Methods for random sampling 4905 : 1968 (second revision ) 11239 (Part 12) : Methods of test for rigid cellular thermal insulation materials : 1989 Part 12 Horizontal burning characteristics

5.1.1 The preferred dimensions ofthe chimney are 450 mm minimum height and 75 mm minimum diameter (cylindrical bore). The upper outlet shall be restricted as necessary by an overhead cap having an outlet small enough to produce an exhaust velocity of at least 90 mm/s -from a flow rate within the chimney of 30 mm/s (see Note). Chimneys of other dimensions, with or without restricted outlets, may be used, if shown to give equivalent results. 5.1.2 The bottom of the chimney, or the base upon which the chimney is supported, shall incorporate a means for distributing evenly the gas mixture entering the chimney. The preferred means comprises solid glass beads of between 3 and 5 mmdiameter, in a layer between 80 and 100 mm deep. Other means, such as radial manifolds, may beused, if shown to give equivalent results. A porous screen may be mounted below the level of the specimen holder, to prevent falling combustion debris from fouling the gas entry and distribution paths. 5.1.3 The chimney support may incorporate a levelling device and indicator, to facilitate vertical alignment of the chimney and a test specimen supported therein. A dark background may be provided to facilitate observation of flames within the chimney.
NOTE - For tubes of 75 to 100 mm diameter, a cap converging to an outlet of 40 mm diameter at a level at least 10 mm above the top of the cylindrical chimney has been found satisfactory.

3 TERMINOLOGY For the purposes of this standard, definitions given in IS 3069 : 1991 in addition to the following shall apply. 3.1 Oxygen Index

The minimum concentration of oxygen by percentage volume in a mixture ofoxygen and nitrogen introduced at 23 + 2OC that will just support combustion of a material under specified test conditions. 4 PRINCIPLE A small test specimen is supported vertically in a mixture of oxygen and nitrogen flowing upwards through a transparent chimney. T%e upper end of the specimenis ignited and the subsequent burningbehaviour of the specimen is observed to compare the period for~which burning continues, or the length of specimen burnt, withspecified limits for such burning. By-testing a series of specimens in different oxygen concentrations, the minimum oxygen concentration is estimated 1

5.2 Test Specimen

Holder a specimen vertically in the

Suitable for supporting centre of the chimney.

5.2.1 For self/supporting materials, the specimen shall be held by a small clamp which is at least 15 mm away from the nearest point at which the specimen may burn before the extent-of-burning criterion is exceeded. For
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Two frame sections must hold the test specimen securely along both upright edges between forks each made of stainless steel. All dimensions in millimetres with tolerances 2 025 mm. FIG.2 FRAME DFSIGN FORSWWRTING NON-SELF SUPPORTING TEST SPECIMENS 3

IS 11239 (Part 14) : 1992 supported film or sheet test specimens, the specimen shall be supported ~by both vertical edges in a frame equivalent to that illustrated by Figure 2, with reference marks at 20 mm and 100 mm below the top of the frame. 5.2.2 The profile of the holder and its support should be smooth to minimize induction of turbulence in'the rising flow of gas. 5.3 Gas Supplies , 5.5 Flame Igniter Comprisinga tubethatcanbeinsertedintothechimney to apply to the test specimen a flame issuing from an outlet of 2 + 1 mm diameter at the end of the tube. 5.5.1 The flame fuel shall be propane, without premixed air. The fuel supply shall be adjusted so that the flame will project 16 ? 4 mm vertically downwards from the outlet when the tube is vertical within the chimney and the flame is burning within the chimney atmosphere. 5.6 Timing Device periods up to 5 min with an

Comprising pressurized sources of oxygen and/or nitrogen not less than 98 percent (m lm ), pure and/or clean air (containing 20.9 percent oxygen), as appropriate. 5.3.1 The moisture content of the gas mixture entering the chimney shall be less than 0.~1 percent ( m/m ), unless the results have been shown to be insensitive to higher moisture levels in the gas mixture. The gas supply system shall incorporate a drying device, or provisionformonitoringorsamplingthegassupplyfor moisture content, unless the moisture content of the gas supplies is known to be acceptable. 5.3.2 The constituent gas supply lines shall be linked in a manner which thoroughly mixes the gases, before they enter the gas distribution device at the base of the chimney, so that the variationinoxygenconcentration inthegasmixturerisinginthechimney,belowthelevel of thi test specimen,is less than 0.2 percent (V/V ).
NOTE - It should not be assumed that bottled oxygen or nitrogen will always contain less than 0.1 percent (m/m) of water; moisture contents of 0.003 percent to 0.01 percent (m/m) are typical for commercia: supplies as filled bottles more than 98 percent (m/m) pure, but as such bottled gases are depressured to below about 1 ~MPa, the moisture content of the gas drawn off may rise above 0.1 percent (m/m ).

Capable of measuring accuracy of? 0.2 s. 5.7 Fume Extraction

System

Providing sufficient ventilation or exhaust to remove fumes or soot expelled from the chimney without disrupting the gas-flow rate or temperatures in the chimney.
NOTE - If soot-generating materials are being tested, the glass chimney may require cleaning to maintain good visibility, and the gas inlets, or inlet screen, and temperature sensor (if fitted) may also require cleaning to function properly. Suitable precautions should be taken to protect personnel from noxious materials or burns during testing or cleaning operations.

6 CALIBRATION

OF EQUIPMENT

6.1 For compliance with this method, calibrate the equipmentperiodically inaccordance with the instructions given in Annex A so that the maximum interval between recalibration and use complies with the periods stated in Table 1. Table 1 Calibration
Sl No. (1) i) ii) iii) Item (2) Gas-flow rate controls Oxygen concentration controls

5.4 Gas Measurement

and Control Devices

of Equipment
Maximum Period

Suitable for establishingthe concentration of oxygenin the gas mixture entering the chimney with an accuracy of 20.5 percent (V/v) of the mixture and for adjusting the concentration with a precision of 20.1 percent (V/V) of the mixture when the gas velocity through the chimney is 40 ? 10 mm/s at 23 + 2OC. 5.4.1 Means shall be provided for checking or ensuring that the temperature of the gas mixture entering the chimney is 23 c 2OC. If this involves an internal probe, its position and profile shall be designed to minimize induction of turbulence within the chimney.
NOTE - Systems of measurement and control that have proved satisfactory include the following : Needle valves on individual and mixed gas supply lines, a paramagnetic oxygen analyser that~continuously samples the mixed gas, and a flowmeter to indicate when the gas flow through the chimney is within the required limits; Calibrated orifices, gas pressure regulators and pressure gauges on the individual gas supply lines; and Needle valves and calibrated flowmeters on the individual gas supply lines. Systems (b) and (c) may require calibration after assembly to ensure that the compounded errors of the component parts do not exceed the requirements of 5.4.

'

(3) 6 months 6 months

Gas system joints (as required by A-2) a) for joints disturbed during use or cleaning of the apparatus b) for undisturbed joints 24 h

6 months

7 PREPARATION 7.1 Sampling

OF TEST-SPECIMENS

Obtaina sample sufficient forpreparationofat least 15 test specimens. The sample shall be taken, if relevant, in accordance with the material specification, otherwise in accordance with IS 4905 : 1948.
NOTE -For a material for which the oxygen index is known to within + 2,15 test specimens may be sufficient. For materials of unknown oxygen index,,r which exhibit erratic burning characteristics, between 15 and 30 test specimens may be required.

4

1s 11239 (Part 14) : WY2 7.2 Test Specimen Preparation Dimensions and Their 7.3.2 Marks for Testing by Propagating Ignition

Using, if applicable, procedures that comply with the appropriate material specification or Indian Standard methods for specimen preparation, mould or cut test specimens that satisfy the dimensions specified for the most appropriate specimen form given in Table 2. 7.2.1 Ensure that the surfaces of the specimens are clean and free from flaws that could -affect burning behaviour, for example peripheral moulding flash or burrs from machining. 7.2.2 Note the position and orientation of test specimens with respect to any asymmetry in the sample material.
NOTES 1 Some material specifications may require choice and identification of the "state of the test specimen" used; for example, in a "defined state" or a "basic state" for a styrene-based polymer or copolymer. 2 Oxygen index results may be significantly affected by differences in ease of ignition or of burning behaviour, due to material inhomogeneity (for example, different levels of shrinkage when heated for specimens cut in differenl directions from asymmetrically-oriented thermoplastic film).

The reference marks for testing specimens of Form V are carried by the supporting frame (see Fig. 2), -but such specimens may be marked at 20 mm and at 100 mm from the end to be ignited, for conveniencewhen testing heat-stable materials. 7.3.2.1 If specimens of Forms I, II, III and IV are to be tested in accordance with ProcedureB(see8.2.land 8.2.3), they shall be marked at 10 mm and at 60 mm from the end to be ignited. 7.4 Conditioning Unless otherwise specified in other established standards, each test specimen shall be conditioned for at least 88 h at 27 2 2OC and (65 2 5) percent RH immediately prior to use.
NOTE -Samples of cellular materials that may contain volatile flammable material should be purged of such volatile material prior to conditioning at 23oC and 50 percent RH. Test specimens may be purged satisfactorily by pre-conditioning in suitable ventilated ovens for 168 h. Larger blocks of such materials may require longer pre-treatment. Facilities for cutting specimens from cellular materials that may contain volatile flammable material must be suitable for the hazards involved.

7.3 Marking of Test Specimens For monitoring the distance over which a specimen burns, it may be marked with transverse lines at one or more levels which are dependent upon the specimen form and the ignition procedure to be used. Selfsupporting specimens are preferably marked on at least two adjacent faces. If wet iriks are used, the marks shall be dry before the specimen is ignited. 7.3.1 Marks for Testing by Top Surface -Ignition

8 PROCEDURE 8.1 Setting Up the Apparatus and Test Specimen the test the test 65 % 5 may be

8.1.1 Maintain the ambient temperature for apparatus at 27 + 2OC. If necessary, keep specimens in an enclosure at 27 + 2OC and percent RH from which each test specimen taken when required. 8.1.2 Recalibrate equipment sary (see 5 and Annex A). components,

if neces-

Test specimens of Forms I, II, III or IV, to be tested in accordance with procedure A (see 8.2.1), shall be marked 50 mm from the end to be ignited.

8.1.3 Select an initial concentration of oxygen to be used. When possible, this may be based on experience of results for similar materials. Alternatively, try to

Table 2 Test Specimen Dimensiow (Clause 7.2)
SI No. Test Specbnen Form' mm (1) i) ii) iii) iv) (2) 1 11 Ill 2 IV 80 80 80 70 Diinlensious A Length mm (3) to 150 to 150 to 150 to 150 Width mm (4) 10 r 0.5 10 + 0.5 10 + 0.5 6.5 2 0.5 Thickness mm (5) 4 ? 0.25 10 + 0.5 < 10.5 3 2 0.25 (61 For moulding materials For cellular materials For sheet materials "as received" Alternative size for self-supporting moulding or sheet materials-for electrical purposes For flexible film or sheet Typical Use Y

r

v)

VZ

0 140-5

52 + 0.5

< 10.5

1Test specimens of Forms I, 11, Ill and IV are suitable for materials that are self-supporting as these dimensions.
Test specimens of Form V are suitable for materials that require support during testing. *Results obtained during Form Ill or Form V test specimens may only be comparabIe for specimens of the same form and thickness. It is assumed that the amount of variation in thickness for such materials will be controlled by other standards. 5
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14) : -Is);92 to cover the whole surface, but taking care not to maintain the flame against the vertical faces or edges of the specimen. Apply the flame for up to 30 set, removing it every 5 set for just sufficient time to observe whether or not the entire top surface of specimen is burning. Consider the specimen to be ignited, and commence measurement of the period and distanceofburning, as soonas removal of the igniter, after a contact period increment of 5 s, reveals burning supported by the whole of the top and surface of the specimen. 8.2.3 Procedure B L Propagating Ignition

ignite a test specimen in air, and note the burning behaviour. If the specimen burns rapidly, select an initial concentration of about 18 percent (V/V) of oxygen,; ifthe testspecimenbums gently orunsteadily, select an initial oxygen concentration of about 21 percent; if the specimen does not continue to burn in air, select an initial concentration of at least 25 percent depending upon the difficulty of ignition or the period of burning before extinguishment in air. 8.1.4 Ensure that the test chimney isvertica!(seeFig. 1). Mount a specimen vertically ih the centre of the chimney so that the top of the specimen is at least 100 mm below the open top of the chimney and the lowest exposed part of the specimen is at least 100 mm above the top of the gas distribution device at the base of the chimney (see Fig. 1 or Fig. 2 as appropriate). 8.1.5 Set the gas mixing and flow controls So that an oxygen/nitrogen mixture at 27 2 2OC, containing the desired concentrationof oxygen, is flowingthrough the chimney at a rate of 40 t 10 mm/s. Let the gas flow purge the chimney for at least 30 s prior to ignition of each specimen, and maintain the flow without change during ignition and combustion of each specimen. 8.1.5.1 Record the oxygen concentration used as the volume percent calculated according the equations given in Annex C. 8.2 Igniting the Test Specimen

For propagating ignition, the igniter is used to produce burning across the top and partially down the irertical faces of the specimen. 8.2.3.1 Lower and move the igniter sufficiently to apply the visible flame to the end face of the specimen and also, to a depth of approximately 6 mm, to its vertical faces. Continue to apply the igniter for up to 30 set, with interruptions for inspection of the specimen -every 5 set, until its vertical faces are burning steadilyoruntil thevisibly bumingportionfirst reaches the level of the upper reference mark on the support frame or, if used for specimens of Forms I, II, III or IV, on the specimen. 8.2.4 Consider the specimen to be ignited, for the purpose of measuring the period and extent of burning, as soon as any part of the visibly portion reaches the level of the upper reference mark.
NOTE - The burning portion includes any burning may run down the surface of the specimen. drips that

8.2.1 Select one or two alternative ignition procedures which are dependent upon the specimen form as follows :
a)

For specimen Forms I, II, III and IV (seeTable 2), use Procedure A, top surface ignition, as dkscribed in 8.2.2; and _

8.3 Assessing

Burning

Behaviour

b) For specimen Form V, use Procedure B, propagating ignition, as described in 8.2.3. Ignition shall imply, for the purposes of this Intemational standard, the initiation of flaming combustion.
NOTES 1 For tests on materials that exhibit steady burning and spread of combustion in oxygen concentrations at, or close to, their oxygen index value, or for self-supporting specimens of less than 3 mm thickness, Procedure B (with specimens marked in accordance with 7.3.2) may be found to ~give more consistent results than Procedure A. Procedure B may then be used for specimens of Forms I, II, III or XV. 2 Some materials may exhibit a non-flaming type of combustion (for-example, glowing combustion) instead of, or at a lower oxygen concentration than that required for, flaming combustion. When testing such materials, it is necessary to identify the type of combustion for which the oxygen index is required or measured.

For the ourvoses of 8.4 to 8.6 inclusive. observe and terminaie tie burning of individual test specimens as follows. ~8.3.1 Commence measurement of the period of buming as soon as the specimen has been ignited in accordance with 8.2.2 or 8.2.3, as applicable, and observe its burning behaviour. If burning ceases but spontaneous re-ignition occurs in less than 1 set, continue the observation and measurements. 8.3.2 If neither the period nor the TFtent of burning exceeds the relevant limit specified m Table 3 for the applicable specimen, note the duration and extent of burning. This is recorded as an "0" response. 8.3.2.1 Alternatively, if either the period or extent of burning exceeds the relevant limit specified in Table 3, note the burning behaviour accordingly, and extinguish the flame. This is recorded as an "X" response. 8.3.2.2 Note also the burning characteristics of the material, for example dripping, charring, erratic buming, glowing combustion or after-glow. 8.3.3 Remove the specimen and clean, as necessary, any surfaces within the chimney or on the igniter that 6

8.2.2

Procedure

A -Top

Surface Ignition

For top surface ignition, the igniter is used to initiate burning only on the top surface of the upper end of the specimen. 8.2.2.1 Applythelowestvisiblepartoftheflametothe top of specimen using a sweeping motion, if necessary,

IS 11239 (Part 14) : 1992 Table 3 Criteria for Oxygen Index Measurements' (Clause 8.3.2)
Sl No. Test Specimen (see Table 2)

IgnitionProcedure
Period of Burning After Ignition

Alternative Cliteda /x Extent of Burning'

-\

(I)

(2) I, II, III and IV

(3) A Top surface ignition B ignition B Propagating ignition

(4) -180

(5) 50 mm below the top of the specimen

i)

Propagating ii) V

180

50 mm below the upper reference

mark

180

80 mm below the upperleference (on the frame)
shape

mark

' These criteria do not necessarily conditions or procedures.

produce equivalent oxygen index results for specimens of differing

or tested using different ignition

z The extent of burning is exceeded when any part of the visibly burning portion of a specimen, vertical faces, passes the level defined in the fourth column of Table 3.

including

burning drips descending

the

have become contaminated with soot, etc. Allow the chimney to regain a temperature of 27 + 2OC, orreplace it with another so conditioned.
NOTE - If sufficienrly long, the specimen may be inverted, or trimmed to remove the burnt end, and re-used. Results from such specimens can save material when establishing an approximate value for the minimum oxygen concentration required for combustion, but cannot be included among those used for estimation of the oxygen, index, unless the specimen is reconditioned at the temperature and humidity appropriate for the material involved.

proceed in accordance

with 8.6.

NOTES 1 The two results, at oxygen concentrations less than 1.0 apart, which give opposite responses, do not have to be from successive specimens. 2 That concentration which gave the "0" response does not have to be lower than that which gave the "X' response. 3 A format convenient for recording the information required by this and subsequent clauses is illustrated in Annex D.

8.4 Selecting Successive

Oxygen Concentrations 8.6 Oxygen Concentration Changes 8.6.1 Using, again, the preliminary oxygen concentration (8.5) test one specimen by repeating8.1.4 to 8.3 inclusive. Record both the oxygen concentration (c ) used and the response, "X" or "0" as the first of the tie and of the Nr series of results. 8.6.2 Change the oxygen concentration, in accordance with 8.4 using concentration changes (6) of 0.1 percent (V/V) (see Note) of the total gas mixture to test further specimens in accordance with 8.14 to 8.4 inclusive, noting the values of Co and corresponding responses until a different response to that obtained in 8.6.1 is recorded. 8.6.2.1 The result from 8.6.1 plus those, if any, of like response from 8.6.2 constitute the N, series of results (see example in Amiex D, Part 2).
NOTE - Where experience has shown that the requirements of 8.6.4 are usually satisfied by a value of d other than 0.2 percent that value may be selected as the initial value of d.

The procedure described in 8.5 and 8.6 is based upon the "Up-and-down method for small samples", using the specific case, where N, - N, = 5 (see 8.6.2 and 8.6.3), with an arbitrary step size for certain changes to be made in the oxygen concentration used. 8.4.1 Duringthe testing, select the oxygen concentration to be used for testing the next test specimen gave an "Y response. a) Decrease the oxygenconcentrationifthe burning behaviour of the preceding specimen gave an "Y response. b) Increase the oxygen concentration of the preceding specimen gave an "0" response. 8.4.2 Choose the size ofthe change inoxygen concentration in accordance with 8.5 and 8.6, as appropriate. 8.5 Determining Concentration the Preliminary Oxygen

Repeat the procedures specified in 8.1.4. to 8.4 inclusive, using oxygen concentration changes of any convenient step size, until two oxygen concentrations, in percent volume, have been found that differ by less than 10 and of which one gave an"0" response and the other an "X" response. From this pair of oxygen concentrations, note that which gave the"O"response as the preliminary oxygenconcentration level and then 7

8.6.3 Test four more specimens, in accordance with 9.1.4 to 9.4 inclusive, maintainingd = 0.2 percent, and note the c = used for, and response of, each specimen. Designate the oxygen concentration used for the last specimen as CF. 8.6.3.1 These four results together with the last result from8.6.2 (that is, that which differed in response from

IS 11239 Cpart 14) : 1992 that of 8.6.1) constitute so that the remainder of theN,series, 9.2 Determination of Thermal Conductivity (k)

NT =
(see example

N,+5

in Annex D, Part 2).

The value and sign of thermal conductivity (k) are dependent upon the pattern of the responses of specimens tested in accordance with 8.6 and may be determined from Table 4 as follows :

8.6.4 Calculate the estimated standard deviation, 8, of the oxygen concentration measurements from the last six responses in the N, series (including C,), in accordance with 9.3. If the condition 26 3 is satisfied, calculate with 9.1 otherwise the oxygen index in accordance

a)

<dc

1.5 8

If the response of the specimen~tested according to 8.6.1 was "O", so that the first contrary response (see 8.6.2) was an `Y, refer to column 1 of Table 4 to select the row for which the last four response symbols correspond to those found when testing in accordance with 8.6.3. The value and sign of k will be that shown in column 2, 3, 4 or 5 for which the number of "0"s shown in row (a) of the table corresponds to the number of "0" responses found for the N, series, in accordance with 8.6.1 and 8.6.2; or response of the specimen tested according to 8.6.1 was "Z", so~that the first contrary response was an "O", refer to the seventh column of Table 4 to select the row for which the last four response symbols correspond to those found when testing in accordance with 8.6.3. The value of k will be that shown in column 3, 4, 5 or 6 for which the number of `Y's shown in row (b) of the table corresponds to the number of "X" responses found for the N, series, in accordance with 8.6.1 and 8.6.2, but the sign of k must be reversed, so that the negative values shown in Table 4 for kbecome positive, and vice versa.

a)

if d c 2 $3, repeat steps 8.6.2 to 8.6.4, using increased values for d, until the condition is satisfied, or if d > 1.5 6, repeat steps 8.6.2 to decreased values ford, until the satisfied, except that d shall not below 0.2 unless so required by material specification. AND 8.6.4, using condition is be reduced the relevant

b) If the

b)

9 CALCULATIONS RESULTS 9.1 Oxygen Index

EXPRESSION

OF

Calculate the oxygen index 01, expressed as a percentage by volume, from the relationship OI where c, = the final value of oxygen concentration, in percent volume to one decimal place, used in the series of N,measurements performed in accordance with 8.6, and noted inaccordance with 8.6.3; the interval, in percent volume to at least one decimal place, between oxygen concentration levels used and controlled in accordance with 8.6; and from Table 4, as = c,+kd

NOTE - An example of the determination of kand the calculation of an 01 is given in Annex D.

9.3 Stand&d Deviation of Oxygen Concentration Measurements For the purposes of 8.6.4, calculate the estimated standard deviation, 8, of oxygen concentration measurements from the relationship 8= where c,

c
n-l

(Cl - 01)2

I'
calculated in

d=

k = a factor to be obtained described in 9.2.

= represents, in turn, each of the percent oxygen concentrations used during measurement of the last six responses in the N, series of measurements. = the oxygen index value, accordance with 9.1.

OI n

For the purpose of calculation of 6, as required by 8.6.4 and 9.3, the OZ which shall be calculated to two decimal places. For the purpose of reporting OI results, express 01 values to the nearst 0.1, with exactly intermediate results being rounded downwards.

= the number of measurements of oxygen concentration contributing to Z(C, - oI)2.

NOTE -For this method, n = 6, in accordance with k6.4. For n < 6, the method loses precision. For n > 6, alternative statistical criteria would apply.

IS 11239 (Part 14) : 1992 Table 4 Values of k for Calculating Oxygen Index Concentration from Determinations Made by Dixon's "Up-and-Down" Method (Clause 9.4)

Sl No.

Responses for the Last Five Measurements

Values of k for Which the First NL Determination are f (a) 0 00 (4) -0.55 -1.25 0.38 -0.14 0.04 -0.46 1.24 0.73 -0.27 -0.76 0.94 0.46 0.65 0.19 1.92 1.33. (3) -0.55 -1.25 0.37 -0.17 0.02 -0.50 1.17 0.61 -0.30 -0.83 0.83 0.30 0.50 -0.04 1.60 0.89 A 000 (5) -0.55 -1.25 0.38 -0.14 0.04 -0.45 1.25 0.76 -0.26 -0.75 0.95 0.50 0.68 0.24 2.00 1.47 0000 (6) -0.55 -1.25 0.38 -0.14 0.04 -0.45 1.25 0.76 -0.26 -0.75 0.95 0.50 0.68 0.25 2.01 1.50 are (7) OXXXX 0xXx0 0xX0x OxxOO 0X0xX 0X0X0 0X00X 0x000 00xXx 00xX0 00X0X 00x00 000xX oocxo 0000x 00000 Responses for the last five measurements Y

(1) i) ii) iii) iv) v) vi) vii) viii) ix) x) xi) xii) xiii) xiv) xv) xvi)

(2) x0000 x000x x00x0 x00xX x0x00 x0x0x x0xX0 x0xXx xx000 xX00x xX0X0 XXOXX xxx00 xXx0x XXXXO

Values of k for which the first NLDeterminations b) X xx xxx

:

are as given in the above table opposite the appropriate in column 6, but with the sign of k reversed, that is, 01 =C,-kd (see9.1)

response

9.4 Precision of Results This method may be expected to be capable of the limits given in Table 5 for materials that ignite without difficulty and burn steadily. Table 5 Estimated
SI No. Approximate Values for 95 Percent Confidence (2) Standard deviation (r) (R)

a) b)

a reference

to this International

Standard;

Precision Limits
Within Laboratories (3) 0.2 0.5 Between Laboratories (4) 0.5 1.4

a statement that test results relate only to be behaviour of the test specimens under the conditions of this test and that these results must not be used to infer the fire hazards of the material in other forms or under other fire conditions; material tested, including, where relevant, the type of material, density, previous history, and the specimen orientation with respect to any anisotropy in the material or sample; the test specimen the ignition igniterused, flame; form or dimensions;

Cl identificationofthe

(1) 0 ii) iii)

Repeatability Reproducibility

NOTE - Materials that exhibit erratic combustion behaviour may increase the limits in Table 5 by a factor up to 5. On the other hand, it may be found that, for materials that exhibit very consistent burning behaviour, d > 1.5 a even if d is reduced to 0.1, indicating the greater precision is possible. For practical purposes, the accuracy and precision requirements specified for apparatus by this International Standard are inadequate for significant discrimination if using d c 0.1, and results obtained using this method have not been found to be significantly different ford < 0.2. More precise determination of the minimum oxygen concentration to just support combustion would require different apparatus and the use of different statistical relationships and factors to determine the value from a longer series of measurements.

4 4

procedure used (A or B), and the ifotherthanthestandard propane

the oxygen index; the estimated standard deviation and the oxygen concentration increment used, if other than 0.2 percent;

h)

10 TEST REPORTS 10.1 The test report shall include the following mation : infor9

a description of any relevant ancillary characteristics or behaviour, such as charring, dripping, severe shrinkage, erratic burning, afterglow; and any variations from the requirements International Standard. of this

j)
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ANNEX A [Clause 6.1, and Table 1, Sl No. (iii)]
CALIBRATION A-l CALIBRATION CONTROLS OF GAS-FLOW RATE OF EQUIPMENT A-2 CALIBRATION CONCENTRATION OF OXYGEN CONTROLS

A-l.1 The system for indicating the gas-flow rate through the chimney, to satisfy 5.4 and 8.1.5; shall be checkedusinga water-sealed rotatingdrummeter(wet test meter), or an equivalent device, with an accuracy equivalent to 2 2 mm/s flow rate through the chimney. A-l.2 The flow rate shall be estimated by dividingthe total gas-flow rate through the chimney by the crosssectional area of the bore of the chimney, for example by using the equation

A-2.1 The concentration of oxygen in the mixture of gases flowing into the chimney shall be checked to an accuracy of 0.1 percent (V/V) of mixture, either by sampling the chimney atmosphere _for analysis or by using an independently calibrated oxygen analyser in situ. Integral oxygen analysers may be-calibrated using standard oxygen/nitrogen mixtures. The checks should be carried out for at least three different nominal concentrations, representing respectively maximum, minimum and intermediate levels for the oxygen concentration range for which the equipment is to be used. A-2.1.1 Leak tests shall be carried out on all joints where leaks could change the oxygen concentration levels in the chimney from the concentration levels set or indicated. A-3 CALIBRATION EQUIPMENT OF COMPLETE

F = 1.27 x lo6 5 DZ where F = the flow rate through mm/set; q; the chimney, in

= the total gaslflow at 23 4 2OC through the chimney, in l/set; and of the bore of the chimney,

D2 = the diameter in mm.

A-3.1 The performance of the equipment may be checked, for a specific test procedure, by testing a calibrated material and comparing the measured results with the expected result for the calibrated material. For informationon the availability and use of calibrated materials, see Annex B.

ANNEX B (Clause A-3.1)
MATERIALS CALIBRATED FOR OXYGEN INDEX VALUES

lt ;nay be found desir;lhlc 1 ,i `. A_. . : ..l,!,el,.r:. characterized for oxygen ind::\. ;ti LkcCh the ovrr;lti I)crf(;rmance of a particular comomation ot oxygen mdex measurement equipment and operator (s). The results obtained for particular samples of certain

xt~atc rials tested using the procedures of this method in illi I~~l~~laboralory experiment involving 16 laboratorles irom seven different countries have been expressed in Table 6 as the range within which a single testresultshouldbefound,with95percelitconfidence, for~achparticular~~~aterial/iglliter/testproccdurecombination.

Table 6 Reference \l*i*ri&l!

Material Oxygen Index Values
Procedure B Propagating Ignition )\ Flame 17-7-18.2 396-42.5 172-18.0 175-18.5 396-40.9 22 4-23.6 Incandescent 173-18-.l 404-43.8 17-2-17.9 175-18.6 39 l-40.9 226-23.5

Procedure A Top Surface Ignition )\ Flame 183-19.0 41-O-43.6 173-18.1 179-19.0 39 l-40.7 Incandescent 17-7-18.1 408-44.3 175-18.1 178-18.7 38 9-40.8 -

Y

Y

Polypropylene Melamine formaldehyde (MF) PMh4A 3 mm thick PMMA 10 mm thick Phenolic foam 10.5 mm thick PVC film 0.02 mm thick

10
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ANNEX C (Clause 8.1.5.1)
CALCULATION OF OXYGEN CONCENTRATION
the proportion of oxygen present in streams other than a pure oxygen supply. For example, for mixtures made using air mixed with oxygen of 98.5 percent (V/v) purity or with nitrogen containing 0.5 percent (V/V) of oxygen, the oxygen concentration, in percent by volume, should be calculated using the relationship 98.5 V. + `O.YV, + 0.5 V, Co= where vo = the volume ofoxygenstream mixture; used. pervolumeof used. per volume of

Oxygenconcentrations required fortbe purposes of8 shall be calculated according to the equation 100 v =o v,+v, where C, =~tbe oxygen concentration, in percent by volume; V, = the volume ofoxygenpervolume ofmixture, at 23OC; and V, = the volume of nitrogen per volume of mixture, at 23OC.

Co

v, + v,t

1;1

VA = the volume of air stream mixture; and

VN = the volume of nitrogen stream used. per volume of mixture. 1 If an oxygen analyser is used, the oxygen concentration should be determined using the readout from the particular instrument used. 2 If the result iscalculatedfromflow orpressure data for individual gas streams contributing to the mixture, it is necessary to allow for assuming that the streams are at the same pressure at ?30c.
V,, V,orV,becomeszero,

Formixturesbasedontwogasstreams. as appropriate.

ANNEX B (Clause 8.5)
TYPICAL TEST RESULTS SHEET

Material Specimen Ignition Oxygen increment

: Pbenolic procedure

laminate :A B : 23-23150

Oxygen Index (concentration, (rounded to 0.1 percent) 6 : 0.152 Date of test : DD/MM/YY Laboratory No. _

percent)

: 29.5

form : III ( 4 mm thick) procedure (6) : 0.2

Conditioning

concentration

, Test No. 1

Part 1 : Determination of Oxygen Concentration for One Pair of "X" and "0" Response at < 1 Percent 0, Concentration Interval (in accordance with 8.5) Oxygen Burning concentration period(s) (percent) 25.0 10 35.0 > 180 30.0 140 32.0 >180 31.0 > 180

Length burnt (mm) Response ("Z' or "0") 0 X 0 X X to be used-again

Oxygen concentration of the "0" response for the pair = 30.0 (being the concentration for the first measurement in Part 2)

11

IS 11239 (Part 14) : 1992 Part 2 : Determination of the Oxygen Index Value (in accordance with 8.6) Step size to be used for successive oxygen concentration of d percent (initially changes in = 0.2 percent instructed) (9.6.3) C, & SERIES MEASUREMENTS N, Series Measurements (9.6.1 + 9.6.2) Oxygen concentration (percent) Burning period(s) Length burnt (mm) Response ("X" or "0" ) 30.0 >180 X Column 29.8 ~180 X (2,3,4 29.6 >180 X or 5) : 4 29;4 150 --f+o ! 1 I 1 I

to be 0.2 percent, unless otherwise

29.4 150

29.6 >180 x

29.4 lf0 0

29.6 165 0

29.8 >180 x

I I

Row (1 to 16) : 7

k value from Table 4 : 1.25 Hence, k = -1.25 01 = cI: + kd = 29.8 + (-1.25 x 0.2) = 29.5 percent (to one decimal place, for reporting Ol) = 29.55 percent (to 2 decimal places, for calculation of and verifiqtion of d as required in Part 3)

Part 3 : Verification of Step Size d Percent Oxygen Concentration (in accordance with 8.6.4 and 9.3) Last six Results Oxygen Concentration (Percent) OI c1 -0I (c, - w Esstimation of standard deviation ~ = CF 2 1 3 4 5 n 6 29.6 29.8 29.4 29.6 29.4 29.6 Total 29.55 29.55 29.55 29.55 29.55 29.55 0.05 0.25 -0.15 0.05 -0.15 015 (Cl - oI)* -0.002 5 0.062 5 0.022 5 0.002 5 0.022 5 00025 0.115 0 A = r_ n- 1 [1(Cl -or)*; 1
l/2

Cl'

1'2

0.115 5 d 3/2 6 I = 0.152

2/3 ?J = 0.101 = 0.2 = 0.227

1Column c, contains the oxygen concentrations used for the measurements of cF and for each of the 5 preceding measurements, for n = 6 If 213 ^o <d < 312 G or if 0.2 = d > 312 3, OI is valid Otherwise if 213 2 > d, repeat Part 2 using a larger value ford, or if 3/2 6 < d, repeat Part 2 using a smaller value ford. The11 again verify the step size, making further changes to be step size if necessary relationships is satisfied. Part 4 : Ancillary Information

until one of the verification

a)

These test results relate only-to the behaviour of the specimens under the conditions of this test. These results must not be used to infer the relative hazards presented by differing materials or shapes underthese or other fire conditions. history/characteristics, standard procedure, burning by 12 if applicable. if applicable.

b> Special material Cl Variations from

4
e)

Description

of observed

behaviour.

Results measured/reported
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